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Abstract

Aims Nutritional status as well as physical capacity is related to prognosis in patients with heart failure. The purpose of this
study was to explore a simple prognostic indicator in patients with acute decompensated heart failure (ADHF) by including
both nutritional status and physical capacity.
Methods and results Patients hospitalized with ADHF (N = 203; mean age, 81 years) were enrolled. We evaluated the
geriatric nutritional risk index (GNRI) on hospital admission and at discharge. A GNRI score < 92 was defined as malnutrition.
Physical capacity was evaluated by simple walking test to determine if patients could walk 200 m, with a Borg scale
score ≤ 13, without critical changes in vital signs. Primary endpoints were mortality and heart failure rehospitalization within
2 years. A total of 49% and 48% of patients showed malnutrition on admission and at discharge, respectively. Malnutrition at
discharge was more strongly related to mortality [hazard ratio (HR) 3.382, 95% confidence interval (CI) 1.900–6.020,
P < 0.0001)] than that on admission (HR 2.448, 95% CI 1.442–4.157, P = 0.001) by univariable analysis. Malnutrition at
discharge was related to mortality (HR 2.370, 95% CI 1.166–4.814, P = 0.02), but malnutrition on admission was not related
(HR 1.538, 95% CI 0.823–2.875, P = 0.18) by multivariable analysis. Almost half of patients (45%) could not walk 200 m,
which was significantly related to mortality by univariable analysis (HR 3.303, 95% CI 1.905–5.727, P < 0.0001), but was
not by multivariable analysis (HR 1.990, 95% CI 0.999–3.962, P = 0.05). The combined index including both GNRI and simple
walking test was an independent and stronger predictor of mortality than either index alone by multivariable analysis (HR
2.249, 95% CI 1.362–3.716, P < 0.01). Neither malnutrition nor low physical capacity was related to heart failure rehospi-
talization by univariable analysis (HR 0.702, 95% CI 0.483–1.020, P = 0.06; HR 1.047, 95% CI 0.724–1.515, P = 0.81, respec-
tively). Malnutrition at discharge significantly reduced heart failure rehospitalization by multivariable analysis (HR 0.431, 95%
CI 0.266–0.698, P < 0.01). When patients were classified into Group G (both nutritional status and physical capacity at dis-
charge were good), Group E (either was good), and Group B (both were bad), mortality rates were significantly different
among the groups (log rank P < 0.0001).
Conclusion A simple indicator including both nutritional status and physical capacity may predict 2 year mortality in elderly
patients with ADHF.
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Introduction

Malnutrition and reduced physical capacity are common in el-
derly patients with heart failure, and both have been associ-
ated with adverse outcomes.1,2 Malnutrition exists in 20–
42% of patients with heart failure.2,3 Heart failure causes a
low nutritional status due to malabsorption by intestinal oe-
dema and hyperpermeability, along with anorexia, increased
energy consumption, and anabolism. According to the cycle
of frailty, malnutrition leads to sarcopenia.4 At the same time,
reduced physical capacity occurs as a result of sarcopenia and
frailty.4,5,6 However, the prognostic impact of an index incor-
porating both nutritional status and physical capacity in el-
derly patients with acute decompensated heart failure
(ADHF) remains unknown. The purpose of this study was to
explore a clinically feasible prognostic indicator in these pa-
tients by incorporating both nutritional status and physical
capacity.

Methods

Subjects and study protocol

This retrospective and observational study enrolled 203 con-
secutive patients with ADHF at the National Hospital Organi-
zation Osaka National Hospital between April 2015 and
January 2017. The investigation conformed to the principles
outlined in the Declaration of Helsinki, and the National Hos-
pital Organization Osaka National Hospital Institutional Re-
view Board #2 approved the protocol (Approval No. 18026).

Acute decompensated heart failure was defined as the
rapid onset or worsening of clinical symptoms/signs of con-
gestion and/or peripheral hypoperfusion according to Euro-
pean Society of Cardiology guidelines.7 We excluded 26
patients who did not undergo cardiac rehabilitation because
their condition was serious at the time of admission; all 26
died during hospitalization. We also excluded patients in

whom we could not calculate the geriatric nutritional risk in-
dex (GNRI) or if medical records had insufficient data.

We evaluated GNRI at hospital admission and at discharge.
A GNRI score < 92 was defined as a high risk of malnutrition.8

We performed simple walking test (SWT) at discharge. SWT
<200 m was defined as reduced physical capacity. We also
classified patients into three groups: Group G (both nutri-
tional status and physical capacity at discharge were good),
Group E (either variable was good), and Group B (both vari-
ables were bad) (Figure 1). Patients were followed up until
1 September 2019. Survival data were obtained by physicians
at the hospital or in the outpatient setting. The clinical end-
points were all-cause mortality and heart failure rehospitali-
zation within 2 years of discharge.

We classified baseline heart diseases into dilated cardiomy-
opathy, hypertrophic cardiomyopathy, hypertensive heart
disease, ischemic cardiomyopathy, valvular diseases, and
other (sarcoidosis, amyloidosis, and cardiomyopathy based
on arrhythmia). Each diagnosis was made by a cardiologist.
Patients with more than moderate regurgitation and stenosis
in the mitral or the aortic valves were classified as having val-
vular heart disease. Comorbidities were assessed based on
medical records. Standard laboratory tests were assessed
on hospital admission and at discharge. Echocardiography
was performed at discharge. Left ventricular ejection fraction
(EF) was evaluated by the modified Simpson method for pa-
tients with segmental asynergy and by the Teichholz method
for patients without segmental asynergy.9 We also checked
the number of previous hospitalizations for heart failure from
medical records.

Nutritional assessment

Nutritional status was assessed by the GNRI. GNRI was calcu-
lated as 14.89 × serum albumin (g/dL) + 41.7 × [present body
weight (kg)/height (m)2]/22 = 14.89 × serum albumin (g/
dL) + 41.7 × body mass index (BMI)/22. A GNRI score ≥ 98
was considered normal, a score ≥92 to <98 represented a

Figure 1 Study population. We divided patients into the three groups: Group G (both nutritional status and physical capacity at discharge were good),
Group E (either variable was good), and Group B (both variables were bad).
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low risk of malnutrition, ≥82 to <92 represented a moderate
risk, and <82 represented a severe risk.8 We defined patients
with a GNRI score < 92 as the high-risk nutritional group and
those with a GNRI score ≥ 92 as the low-risk nutritional group
according to earlier reports.10,11

Simple walking test

We evaluated physical capacity and ambulatory status ac-
cording to SWT during cardiac rehabilitation.12 Patients hospi-
talized due to ADHF expanded their levels of activity using the
following protocol: patients started with a stepping exercise.
If a patient could step more than 20 times without critical
changes in vital signs and with a Borg scale ≤13 for leg fatigue
and shortness of breath, they were considered to have
passed the activity level. The Borg scale is a simple method
to evaluate subjective symptoms. Cardiac rehabilitation exer-
cises in which patients perform exercise with a low to moder-
ate intensity and achieve a Borg scale score of 11–13.13,14 The
next level of activity was walking in the patient room, and
each time the patient passed the SWT, we gradually extended
the walking distance to 50, 100, and 200m. When they would
walk 200 m without resting or critical changes in vital signs
and with a Borg scale ≤13 regardless of speed, patients
proceeded to bicycle ergometer exercise.

Statistical analysis

Continuous data are expressed as mean ± standard deviation
(SD). Independent samples t-tests were used for comparison
of continuous variables, and χ2 tests were used for categori-
cal variables. Cox hazard univariable and multivariable analy-
ses were performed to assess the predictive value of GNRI
and SWT for all-cause mortality and heart failure rehospitali-
zation. For Cox hazard analysis of the combined index includ-
ing both GNRI and SWT, analysis was performed with Groups
B, E, and G as continuous variables 0, 1, and 2. The multivar-
iable analysis model included well-established major con-
founders, such as age, brain natriuretic peptide (BNP),
haemoglobin, and C-reactive protein. Event-free survival after
discharge was estimated using the Kaplan–Meier analysis and
compared using the log-rank test. A P value <0.05 was con-
sidered statistically significant. All statistical analyses were
performed using MedCalc (version 18.2.1, Ostend, Belgium).

Results

A total of 203 patients were enrolled. Median follow-up pe-
riod was 948 days [interquartile range (IQR): 493–1195].
Twenty patients dropped out during follow-up within 2 years
from discharge.

Mean GNRI on admission was 99 ± 12, and 49% patients
had a GNRI score < 92. Mean BMI and albumin on admis-
sion were higher than that at discharge (mean BMI;
23.4 ± 5.1 vs. 21.5 ± 4.8 kg/m2, P < 0.0001, mean albumin;
3.7 ± 0.5 vs. 3.5 ± 0.5 g/l, P < 0.0001). On admission, mean
BNP was 813 ± 941 pg/mL, mean haemoglobin was
11.3 ± 2.0 g/dL, mean estimated glomerular filtration rate
(eGFR) was 41 ± 19 mL/min/1.73m2, and mean C-reactive
protein was 1.01 ± 5.06 mg/dL.

Table 1 shows the clinical characteristics of the patients.
Patient mean age was 81 years, and there were 126 men
(62%). EF was 50 ± 17%, and mean BNP was 276 pg/mL at dis-
charge. A total of 85% of patients had chronic kidney disease
(eGFR <60 mL/min/1.73m2) with an mean eGFR of
39 mL/min/1.73m2. Mean GNRI score at discharge was
93 ± 12, and 48% of patients had a GNRI score < 92. In the
group with a GNRI score < 92 at discharge, the mean age
was older, mean BNP and C-reactive protein were higher,
and mean haemoglobin was lower than the group with GNRI
score ≥ 92 (P < 0.01). At discharge, 92 patients (45%) could
not walk 200 m. In the group with SWT <200 m, the mean
age was older (P < 0.01), mean BMI and haemoglobin were
lower (P = 0.01, P < 0.01, respectively), mean EF and
C-reactive protein were higher (P = 0.03, P < 0.01, respec-
tively), and more patients had chronic obstructive pulmonary
disease when compared with the group with SWT ≥200 m
(P = 0.01). Additionally, the group with SWT <200 m had a
higher incidence of past hospitalizations for heart failure than
the group with SWT ≥200 m (P < 0.01).

Table 2 shows data on patients on passing the activity level
on the SWT. There were 10 patients with a severely low phys-
ical capacity, including four patients who were unable to
walk. A total of 111 patients passed the 200 m walk. Mean
time between admission and starting rehabilitation was
4 ± 3 days; rehabilitation was continued until discharge. Mean
total length of hospitalization was 24 ± 14 days.

All-cause death occurred in 58 patients within 2 years of
discharge, including cardiovascular death (n = 17; 14 heart
failure, 2 cerebral haemorrhage, 1 aortic dissection) and
non-cardiovascular death (n = 41; 19 infection, 6 senility, 2
haemorrhagic shock, 14 unknown). Heart failure rehospitali-
zation occurred in 115 patients.

Table 3 shows findings on the univariable and multivariable
Cox hazard analysis for mortality adjusted for the combined
index, age, BNP, haemoglobin, and C-reactive protein. Only
the combined index was an independent predictor of
all-cause mortality [hazard ratio (HR) 2.249, 95% confidence
interval (CI) 1.362–3.716, P < 0.01)].

Table 4 shows Cox hazard univariable and multivariable
analysis for mortality and heart failure rehospitalization ad-
justed for age, BNP, haemoglobin, and C-reactive protein. A
GNRI score < 92 at discharge was more strongly related to
mortality (HR 3.382, 95% CI 1.900–6.020, P < 0.0001) than
that on admission (HR 2.448, 95% CI 1.442–4.157,
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P = 0.001) by univariable analysis. GNRI score < 92 at dis-
charge was related to mortality (HR 2.370, 95% CI 1.166–
4.814, P = 0.02), but the score on admission was not related
(HR 1.538, 95% CI 0.823–2.875, P = 0.18) by multivariable
analysis. SWT<200m and the combined index including both
GNRI and SWT were also significantly related to mortality by
univariable analysis (HR 3.303, 95% CI 1.905–5.727,
P < 0.0001; HR 3.005, 95% CI 2.051–4.404, P < 0.0001, re-
spectively). The combined index was a stronger predictor of
the prognosis than either index alone by multivariable analy-
sis (HR 2.249, 95% CI 1.362–3.716, P < 0.01). On the other
hand, neither GNRI score < 92 nor SWT <200 m at discharge
was related to heart failure rehospitalization by univariable
analysis (HR 0.702, 95% CI 0.483–1.020, P = 0.06; HR 1.047,
95% CI 0.724–1.515, P = 0.81, respectively). Furthermore,
GNRI score < 92 at discharge reduced heart failure rehospi-
talization by multivariable analysis (HR 0.431, 95% CI 0.266–
0.698, P < 0.01).

Figure 2 shows the Kaplan–Meier survival analysis for
all-cause mortality among the three groups. The 2 year
mortality rate of Group G (both nutritional status and phys-
ical capacity at discharge were good) was 9%, that of
Group E (either variable was good) was 27%, and that of
Group B (both variables were bad) was 57%. Mortality
rates were significantly different among the groups (log
rank P < 0.0001).

Discussion

The results from this study indicate that (i) malnutrition and
reduced physical capacity were frequently observed in elderly
patients with ADHF; (ii) malnutrition and reduced physical ca-
pacity were predictors of all-cause mortality; (iii) the com-
bined index incorporating both nutritional status and

Table 2 Passing the activity level on the simple walking test

n Age (years) Men (%) GNRI EF (%) Hb (g/dL)

Walking within room 10 88 ± 4 20 76 ± 9 47 ± 17 10.9 ± 3.2
Walking within 50 m 17 86 ± 7 53 87 ± 10 55 ± 15 10.9 ± 1.7
Walking within 100 m 23 85 ± 7 52 94 ± 13 54 ± 22 10.7 ± 1.4
Walking within 200 m 42 84 ± 7 60 92 ± 12 54 ± 15 11.2 ± 1.9
Walking over 200 m 111 78 ± 9 68 97 ± 11 48 ± 17 11.9 ± 1.8

GNRI, geriatric nutritional risk index; EF, ejection fraction; Hb, haemoglobin..

Table 3 Univariable and multivariable Cox hazard model for mortality

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.071 (1.033–1.109) <0.01 1.024 (0.979–1.072) 0.31
BNP (pg/mL) 1.001 (1.000–1.001) <0.01 1.001 (0.999–1.001) 0.13
Haemoglobin (g/dL) 0.803 (0.695–0.928) <0.01 0.954 (0.811–1.123) 0.57
C-reactive protein (mg/dL) 1.310 (0.980–1.751) 0.07 1.144 (0.839–1.561) 0.39
combined index (GNRI + SWT) 3.005 (2.051–4.404) <0.0001 2.249 (1.362–3.716) <0.01

BNP, brain natriuretic peptide; CI, confidence interval; GNRI, geriatric nutritional risk index; HR, hazard ratio; SWT, simple walking test.

Table 4 Cox hazard model for mortality and heart failure rehospitalization

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Mortality (n = 58)
GNRI < 92 at admission 2.448 (1.442–4.157) 0.001 1.538 (0.823–2.875) 0.18
GNRI < 92 at discharge 3.382 (1.900–6.020) <0.0001 2.370 (1.166–4.814) 0.02
SWT < 200 m 3.303 (1.905–5.727) <0.0001 1.990 (0.999–3.962) 0.05
Combined index (GNRI + SWT) 3.005 (2.051–4.404) <0.0001 2.249 (1.362–3.716) <0.01
Rehospitalization (n = 115)
GNRI < 92 at admission 0.776 (0.518–1.161) 0.22 0.585 (0.362–0.946) 0.03
GNRI < 92 at discharge 0.702 (0.483–1.020) 0.06 0.431 (0.266–0.698) <0.01
SWT < 200 m 1.047 (0.724–1.515) 0.81 0.950 (0.617–1.464) 0.82
Combined index (GNRI + SWT) 0.859 (0.660–1.118) 0.26 0.673 (0.488–0.927) 0.02

The multivariable analysis model included age, brain natriuretic peptide, haemoglobin and C-reactive protein.
BNP, brain natriuretic peptide; CI, confidence interval; GNRI, geriatric nutritional risk index; HR, hazard ratio; SWT, simple walking test.
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physical capacity was an independent predictor of prognosis
in elderly patients with ADHF, and it was a stronger predictor
than either index alone.

Nutritional status

In our study, 48% of patients had malnutrition (GNRI <92) at
discharge. This ratio was similar to that reported in an earlier
study.15 The Academy of Nutrition and Dietetics and Ameri-
can Society for Parenteral and Enteral Nutrition and the Euro-
pean Society of Clinical Nutritional and Metabolism
recommend that a diagnosis of malnutrition should not be
made based on biochemical data, because inflammation is
considered the major reason for reduced serum albumin.16,17

They reported that the relevance of laboratory tests of acute
phase protein levels as indicators of malnutrition is
limited.16,17 In this study, GNRI was calculated using albumin;
thus, a low GNRI score may not represent only malnutrition.
In fact, C-reactive protein in group with GNRI score < 92 was
higher than that of GNRI score ≥ 92. Malnutrition in heart fail-
ure has been related to cardiac cachexia. Mechanisms of car-
diac cachexia are multifactorial, involving neurohormonal
disorders, overexpression of proinflammatory cytokines, in-
creased oxidative stress, and an imbalance between anabolic
and catabolic states. Diagnostic criteria of cardiac cachexia

from the Cachexia Consensus Working Group include ele-
vated C-reactive protein and decreased haemoglobin.18 In
our study, inflammation and anaemia were found in the
group with a GNRI score < 92.

Malnutrition was related to mortality in this study, which is
similar to findings in another study.19 One study used data on
admission for the measurement of GNRI,10 and another study
used data at discharge for GNRI.1 Thus, in terms of nutritional
status on admission and at discharge in these studies, it was
unclear which value was more relevant in the prediction of
mortality. We assessed GNRI on admission and at discharge
in this study and showed that malnutrition at discharge was
more strongly related to mortality than that on admission.

In one study, malnutrition was related not only to the mor-
tality but also to heart failure rehospitalization.3 However, in
our study, malnutrition reduced heart failure rehospitaliza-
tion by multivariable analysis. Several factors could explain
these findings. For example, it is possible that patients with-
out malnutrition in this study did not comply with salt and
water restrictions, which are a common cause of heart failure
rehospitalization in patients with chronic heart failure. Alter-
natively, many patients with malnutrition died from
non-cardiovascular events. In addition, patient characteristics
may also be different from the earlier studies. In fact, many
old patients with advanced renal dysfunction were included
in this study.

Figure 2 Kaplan–Meier curves for survival probability among the three groups. Group G, both nutritional status and physical capacity at discharge
were good; Group E, either variable was good; Group B, both variables were bad.
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Physical capacity

Almost half of patients (45%) could not walk 200 m mostly
because of sarcopenia and sometimes because of tachycardia
and hypoxia. In patients with chronic obstructive pulmonary
disease, dyspnoea and hypoxia were the main causes of in-
ability to walk 200 m. Patients with heart failure commonly
report reduced physical capacity, and reduced physical capac-
ity in patients with heart failure has been associated with
worse prognosis.7 Peak oxygen uptake on the cardiopulmo-
nary exercise test (CPX) is the gold standard for the assess-
ment of exercise capacity.20 However, the CPX is not always
applicable to patients with ADHF, especially during hospitali-
zation. The walking test is useful to evaluate physical capacity
in such conditions, because there is no need for special equip-
ment, and it is applicable to all patients even if they cannot
perform the ergometer exercise because of extremely de-
creased exercise capacity. The 6-min walking test (6MWT) is
a widely used measure of physical capacity, and it was re-
ported that the 6MWT provides prognostic utility comparable
with the CPX.21 Curtis et al.22 showed that a 6MWT
score < 200 m could identify patients with heart failure
who are at markedly increased risk of death. In our study,
we performed SWT, and we showed that SWT <200 m pre-
dicted mortality. However, inability to walk 200m was not re-
lated to heart failure rehospitalization. Patients with inability
to walk 200m had significantly more heart failure hospitaliza-
tions in the past than those who could walk more than
200 m. It is well known that repeated hospitalizations lead
to gradual loss of physical capacity and death.23 Many pa-
tients who were unable to walk 200m had repeated hospital-
izations for heart failure before admission, and had likely
reached the end stage of heart failure.

Nutritional status and physical capacity

Only the combined index including both GNRI and SWT was
an independent predictor of all-cause mortality in the multi-
variable Cox hazard analysis, after adjustment for other pa-
rameters reported to predict heart failure mortality in a
previous study.24 We showed that the combined index in-
cluding both GNRI and SWT was a stronger predictor of the
prognosis than either index alone. Group G (both nutritional
status and physical capacity at discharge were good) showed

the lowest mortality among the groups. It is interesting to
speculate that achievement of a GNRI score ≥ 92 and the abil-
ity to walk 200 m at discharge may reduce mortality in these
patients. Further prospective studies are needed to confirm
these findings.

Limitations

First, this is a single-centre study with a limited sample size.
Second, our study population included only elderly patients
with heart failure. Therefore, further research is needed to
determine if results can be extended to a younger popula-
tion. Third, we did not examine sex differences, which might
have an impact on prognosis, particularly in elderly patients
with heart failure with preserved EF. Fourth, this study was
a retrospective and observational study. Thus, it is not clear
whether interventions for nutrition status and physical capac-
ity improve prognosis.

Conclusions

It was feasible to perform both GNRI and SWT in elderly pa-
tients with ADHF. The simple indicator including both nutri-
tional status and physical capacity may predict 2 year
mortality in elderly patients with ADHF.
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